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Table 1. Journal of observations 



Dates 


filter 


Time 

(s) 


FWHM 

(arcsec) 


Air Mass 


Las Campanas: 










NGC 6822 West: 










1999 Oct 2 


R 


3x480 


2.5 


1.06 


1999 Oct 2 


TiO 


4x900 


2.0 


1.17 


1999 Oct 2 


CN 


3x900 


2.0 


1.50 


1999 Oct 3 


R 


480 


1.6 


1.32 


1999 Oct 3 


CN 


900 


1.7 


1.49 


1999 Oct 3 


TiO 


2x900 


1.7 


1.54 


NGC 6822 East: 










1999 Oct 3 


R 


3x480 


1.7 


1.04 


1999 Oct 3 


TiO 


3x900 


2.2 


1.09 


1999 Oct 3 


CN 


3x900 


1.7 


1.21 


CFH12K: 










2000 Sep 24 


I 


300 


1.0 


1.22 


2000 Sep 24 


R 


400 


0.7 


1.22 


2000 Sep 24 


CN 


1500 


0.7 


1.23 


2000 Sep 24 


TiO 


1500 


0.8 


1.26 
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Table 2. C stars in NGC 6822 



id 



RA 



Dec 



(71 



R-I crR_/ CN-TiO acN-Tio 



O 
O 

(N 

> 

o 

o 



> 

(N 
O 

o 



o 



cOOl 


19 


43 


52 


57 


-14 


40 


58 


8 


18 


724 





006 


1 


214 





009 





469 





013 


c002 


19 


43 


52 


69 


-14 


41 


40 





18 


998 





007 


1 


147 





010 





424 





013 


c003 


19 


43 


56 


96 


-14 


43 


01 


8 


19 


280 





008 


1 


419 





013 





457 





016 


c004 


19 


43 


54 


52 


-14 


43 


35 


5 


19 


667 





010 


1 


255 





015 





423 





023 


c005 


19 


43 


58 


53 


-14 


37 


44 


2 


20 


745 





022 


1 


624 





046 





403 





043 


c006 


19 


44 


28 


08 


-14 


37 


58 


2 


18 


163 





005 


1 


177 





008 





371 





009 


c007 


19 


44 


19 


70 


-14 


40 


59 


5 


18 


420 





005 


1 


175 





007 





504 





010 


c008 


19 


44 


02 


54 


-14 


44 


40 


1 


18 


458 





005 


1 


257 





008 





531 





Oil 


c009 


19 


44 


21 


12 


-14 


44 


24 


2 


18 


542 





006 


1 


266 





009 





370 





Oil 


cOlO 


19 


44 


10 


33 


-14 


46 


55 


1 


18 


724 





006 


1 


425 





Oil 





520 





012 


cOll 


19 


44 


01 


93 


-14 


41 


09 


6 


19 


047 





008 


1 


300 





013 





453 





014 


c012 


19 


44 


26 


58 


-14 


43 


32 


7 


19 


023 





007 


1 


480 





012 





456 





014 


c013 


19 


44 


26 


36 


-14 


43 


29 


3 


19 


110 





008 


1 


141 





012 





334 





015 


c014 


19 


44 


18 


81 


-14 


47 


21 


9 


19 


027 





007 


1 


513 





012 





497 





014 


c015 


19 


44 


19 


68 


-14 


45 


04 


2 


19 


095 





010 


1 


314 





016 





448 





017 


c016 


19 


44 


26 


55 


-14 


45 


41 


3 


19 


079 





010 


1 


629 





018 





498 





020 


coir 


19 


44 


17 


54 


-14 


48 


04 


8 


19 


145 





010 


1 


109 





014 





450 





017 


c018 


19 


44 


20 


37 


-14 


46 


51 


1 


19 


150 





008 


1 


280 





014 





502 





017 


c019 


19 


44 


24 


86 


-14 


43 


22 


6 


19 


151 





009 


1 


273 





014 





481 





020 


c020 


19 


44 


05 


09 


-14 


47 


47 


6 


19 


126 





008 


1 


476 





014 





475 





014 
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Table 2 — Continued 



id 


RA 






Doc 






T 




R I 




CN 


TiO 




c021 


19:44: 


:23. 


,81 


-14: 


:42:29. 


,6 


19. 


,187 


0, 


.012 


1 


.171 


0, 


.015 


0. 


,454 


0, 


.015 


c022 


19:44; 


1 C\ 

.19. 


,90 


-14: 


:41:10, 


,6 


19. 


,207 


0, 


nno 

.008 


1 


.276 


0, 


mo 

.Ulz 


0. 


,499 


0, 


n 1 

.016 


c023 


1 n. A A 

19:44; 


:15. 


,44 


-14: 


: 44:09. 


,4 


19. 


,219 


0, 


nno 

.008 


1 


.316 


0, 


ni o 

.013 


0. 


,491 


0, 


ni T 

.017 


c024 


t n. A A . 
19:44; 


:(J9. 


,71 


-14: 


:36:26. 


,1 


19. 


,261 


0, 


.009 


1 


.147 


0, 


ni o 

.013 


0. 


,436 


0, 


ni T 

.017 


c025 


1 n. A A . 
19:44; 


:z7. 


,63 


-14: 


: 46:09. 


,5 


19. 


,170 


0, 


.009 


1 


.594 


0, 


ni c 
.015 


0. 


,547 


0, 


.018 


c026 


in A A 
19:44; 


O A 

:z4. 


,89 


-14: 


: 43:28. 


,7 


19. 


,214 


0, 


nnn 

.009 


1 


on /I 

.804 


0, 


ni T 

.017 


0. 


,424 


0, 


ni ^ 

.016 


c027 


1 n. A A 

19:44; 


:lz. 


,33 


-14: 


:43:36. 


,5 


19. 


,296 


0, 


.009 


1 


.560 


0, 


.016 


0. 


,415 


0, 


.017 


c028 


1 C\ A A 

19:44: 


A A 


,70 


-14: 


:47:07. 


,9 


19. 


,420 


0, 


ni n 

.010 


-I 

1 


.127 


0, 


.014 


0. 


,304 


0, 


ni o 

.018 


c029 


in A A 
19:44; 


.27. 


,08 


-14: 


: 46:33. 


,1 


19. 


,390 


0, 


n 1 n 

.010 


-1 
1 


on /I 

.394 


0, 


n 1 T 

.017 


0. 


,537 


0, 


non 

.020 


c030 


1 n. A A 

19:44; 


.no 

:(J3. 


,10 


-14: 


: 44:24. 


,1 


19. 


,361 


0, 


ni ^ 

.016 


1 


O O 

.384 


0, 


non 

.020 


0. 


,449 


0, 


ni o 

.018 


c031 


in A A 

19:44: 


:18. 


,59 


-14: 


:46:58. 


,2 


19. 


,408 


0, 


ni n 

.010 


1 


.356 


0, 


.015 


0. 


,440 


0, 


ni o 

.018 


c032 


19:44: 


:26. 


,56 


-14: 


:47:25. 


,1 


19. 


,462 


0, 


.011 


1 


.302 


0, 


.019 


0. 


,474 


0, 


.021 


c033 


19:44: 


:22. 


,14 


-14: 


: 46:24. 


,8 


19. 


,393 


0, 


.009 


1 


.559 


0, 


.018 


0. 


,372 


0, 


.089 


c034 


19:44: 


:25. 


,49 


-14: 


:46:01. 


,0 


19. 


,475 


0, 


.012 


1 


.183 


0, 


.017 


0. 


,425 


0, 


.020 


c035 


19:44: 


:25. 


,16 


-14: 


:36:22. 


,4 


19. 


,529 


0, 


.010 


1 


.110 


0, 


.015 


0. 


,306 


0, 


.020 


c036 


19:44: 


:18. 


,21 


-14: 


: 42:42. 


,7 


19. 


,546 


0, 


.009 


1 


.158 


0, 


.015 


0. 


,373 


0, 


.021 


c037 


19:44: 


:24. 


,04 


-14: 


:47:10. 


,5 


19. 


,514 


0, 


.015 


1 


.618 


0, 


.021 


0. 


,586 


0, 


.019 


c038 


19:44: 


:26. 


,55 


-14: 


:41:35. 


,6 


19. 


,568 


0, 


.012 


1 


.426 


0, 


.019 


0. 


,670 


0, 


.022 


c039 


19:44: 


:26. 


,33 


-14: 


:44:25. 


,8 


19. 


,414 


0, 


.022 


1 


.560 


0, 


.030 


0. 


,766 


0, 


.031 


c040 


19:44: 


:22. 


,48 


-14: 


: 46:25. 


,2 


19. 


,776 


0, 


.015 


1, 


.212 


0, 


.022 


0. 


,554 


0, 


.027 
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Table 2 — Continued 



id 


RA 




Doc 






T 




R I 




CN 


TiO 




c041 


19:44: 


■Jo. 


,51 


-14:40:36. 


,6 


19. 


,951 


0, 


.013 


1 


.111 


0, 


no 1 

.021 


0. 


,423 


0, 


no cr 

.025 


c042 


19:44; 


1 O 

.16. 


,70 


-14:40:10, 


,9 


20. 


,677 


0, 


no /I 
.Uz4 


1 


nTo 

.972 


0, 


n o 

.058 


0. 


,353 


0, 


r\ Ar' 

.046 


c043 


1 n. A A 

19:44; 


:54. 


,39 


-14:45:01. 


,6 


17. 


,933 


0, 


nnc 

.005 


1 


A OO 


0, 


ni n 

.010 


0. 


,511 


0, 


ni n 

.010 


c044 


t n. A A . 
19:44; 


:53. 


,78 


-14:47:51. 


,2 


18. 


,206 


0, 


.013 


1 


.260 


0, 


.026 


0. 


,514 


0, 


.027 


c045 


1 n. A A . 
19:44; 


:53. 


,53 


-14:45:59. 


,2 


18. 


,259 


0, 


.015 


1 


ceo 

.558 


0, 


.029 


0. 


,522 


0, 


.019 


c046 


in A A 
19:44; 


:5o. 


,21 


-14:44:18. 


,5 


18. 


,335 


0, 


ni n 

.010 


-1 
1 


/I nn 

.400 


0, 


noi 


0. 


,594 


0, 


n 1 n 

.019 


c047 


1 Ck. A A 

19:44; 


:43. 


,08 


-14:45:10. 


,1 


18. 


,327 


0, 


.005 


1 


O 1 o 

.313 


0, 


m n 
.(JlU 


0. 


,495 


0, 


.011 


c048 


1 C\ A A 

19:44: 


A C\ 

:49. 


,19 


-14:45:36. 


,2 


18. 


,454 


0, 


ni n 

.010 


-I 

1 


.194 


0, 


ni £^ 

.016 


0. 


,475 


0, 


noi 

.021 


c049 


in A A 
19:44; 


/I '~7 

:47. 


,47 


-14:48:07. 


,9 


18, 


,525 


0, 


nnn 

.009 


1 


/I O 1 

All 


0, 


n 1 

.016 


0. 


,537 


0, 


mo 

.018 


c050 


1 n. A A 

19:44; 


:54. 


,17 


-14:45:20. 


,5 


18. 


,566 


0, 


nno 

.008 


-1 
1 


.188 


0, 


ni o 


0. 


,416 


0, 


ni o 

.013 


c051 


in A A 

19:44: 


:43. 


,21 


-14:45:02. 


,6 


18. 


,595 


0, 


.007 


-I 

1 


1 AO 

.108 


0, 


ni 1 

.011 


0. 


,457 


0, 


ni cr 

.015 


c052 


19:44: 


:49. 


,43 


-14:47:37. 


,7 


18. 


,499 


0, 


.031 


1 


.195 


0, 


.039 


0. 


,457 


0, 


.025 


c053 


19:44: 


:50. 


,13 


-14:46:11. 


,2 


18. 


,658 


0, 


.029 


1 


.262 


0, 


.054 


0. 


,378 


0, 


.043 


c054 


19:44: 


:52. 


,81 


-14:44:27. 


,7 


18. 


,596 


0, 


.006 


1 


.426 


0, 


.011 


0. 


,566 


0, 


.013 


c055 


19:44: 


:44. 


,88 


-14:43:28. 


,4 


18. 


,682 


0, 


.006 


1 


.342 


0, 


.011 


0. 


,517 


0, 


.013 


c056 


19:44: 


:44. 


,66 


-14:46:42. 


,7 


18. 


,736 


0, 


.011 


1 


.337 


0, 


.018 


0. 


,472 


0, 


.020 


c057 


19:44: 


:56. 


,15 


-14:40:16. 


,7 


18. 


,751 


0, 


.007 


1 


.102 


0, 


.011 


0. 


,356 


0, 


.013 


c058 


19:44: 


:51. 


,47 


-14:47:07. 


,1 


18. 


,693 


0, 


.009 


1 


.561 


0, 


.018 


0. 


,563 


0, 


.021 


c059 


19:44: 


:43. 


,05 


-14:44:33. 


,1 


18. 


,847 


0, 


.009 


1 


.262 


0, 


.018 


0. 


,384 


0, 


.018 


c060 


19:44: 


:30. 


,47 


-14:47:22. 


,4 


18. 


,796 


0, 


.007 


1 


.612 


0, 


.016 


0. 


,499 


0, 


.013 
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Table 2 — Continued 



id 


RA 




Doc 






T 




R I 




CN 


TiO 




c061 


19:44:53. 


,06 


-14:47:48. 


,6 


18. 


,903 


0, 


.013 


1 


.315 


0, 


.021 


0. 


,461 


0, 


ooo 

.022 


c062 


19:44:49. 


,69 


-14:47:08. 


,3 


18. 


,897 


0, 


n 1 o 

.Ulz 


1 


.274 


0, 


no 1 

.Uzi 


0. 


,458 


0, 


noi 
.Uzi 


c063 


19:44:38. 


,26 


-14:46:03. 


,2 


18. 


,857 


0, 


.U15 


1 




0, 


.026 


0. 


,338 


0, 


noo 

.028 


c064 


19:44:55. 


,34 


-14:47:02. 


,9 


18. 


,948 


0, 


.1)14 


1 
i 


.z7d 


0, 


.026 


0. 


,488 


0, 


.027 


c065 


19:44:56. 


,27 


-14:46:02. 


,8 


18. 


,881 


0, 


.010 


i 


.o4z 


0, 


.020 


0. 


,574 


0, 


.023 


c066 


19:44:54. 


,81 


-14:46:36. 


,3 


18. 


,868 


0, 


.007 


1, 


.299 


0, 


.U14 


0. 


,507 


0, 


.UId 


c067 


19:44:32. 


,34 


-14:40:37. 


,1 


18. 


,838 


0, 


.007 


i 


.348 


0, 


.Uiz 


0. 


,437 


0, 


m A 
.1)14 


c068 


19:44:41. 


,43 


-14:36:59. 


,0 


18. 


,895 


0, 


.007 


-I 

1 


or* o 

.268 


0, 


.011 


0. 


,396 


0, 


.013 


c069 


19:44:40. 


,90 


-14:47:54. 


,7 


18. 


,940 


0, 


.Uzz 


1 


.327 


0, 


.040 


0. 


,491 


0, 


.046 


c070 


19:44:37. 


,38 


-14:44:44. 


,1 


18. 


,899 


0, 


.007 


-1 
1 


.375 


0, 


.013 


0. 


,472 


0, 


.016 


c071 


19:44:54. 


,54 


-14:45:28. 


,1 


18. 


,970 


0, 


.011 


-I 

1 


.274 


0, 


AO CT 

.025 


0. 


,531 


0, 


.019 


c072 


19:44:43. 


,95 


-14:45:46. 


,2 


18. 


,940 


0, 


.010 


1 


.510 


0, 


.022 


0. 


,515 


0, 


.020 


c073 


19:44:33. 


,19 


-14:43:23. 


,3 


18. 


,893 


0, 


.008 


1 


.449 


0, 


.015 


0. 


,489 


0, 


.015 


c074 


19:44:35. 


,73 


-14:47:14. 


,3 


18. 


,871 


0, 


.007 


1 


.575 


0, 


.014 


0. 


,565 


0, 


.016 


c075 


19:44:56. 


,63 


-14:44:35. 


,6 


18. 


,928 


0, 


.008 


1 


.271 


0, 


.013 


0. 


,550 


0, 


.017 


c076 


19:44:54. 


,25 


-14:40:26. 


,0 


18. 


,969 


0, 


.008 


1 


.167 


0, 


.013 


0. 


,403 


0, 


.015 


c077 


19:44:36. 


,54 


-14:47:17. 


,6 


18. 


,953 


0, 


.012 


1 


.194 


0, 


.017 


0. 


,372 


0, 


.020 


c078 


19:44:56. 


,32 


-14:45:01. 


,0 


18. 


,964 


0, 


.029 


1 


.132 


0, 


.034 


0. 


,329 


0, 


.033 


c079 


19:44:50. 


,95 


-14:46:27. 


,5 


18. 


,958 


0, 


.010 


1 


.544 


0, 


.020 


0. 


,384 


0, 


.017 


c080 


19:44:56. 


,35 


-14:43:15. 


,9 


18. 


,969 


0, 


.009 


1 


.312 


0, 


.015 


0. 


,521 


0, 


.020 
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Table 2 — Continued 



id 


RA 




Doc 






T 




R I 




CN 


TiO 




c081 


19:44:52. 


,99 


-14:48:02. 


,2 


19. 


,046 


0, 


.016 


1 


AO 

.248 


0, 


.035 


0. 


,513 


0, 


r\ Ar\ 

.040 


c082 


19:44:52. 


,23 


-14:47:07. 


,1 


18. 


,929 


0, 


,017 


1 


.zol 


0, 


no 1 


0. 


,549 


0, 


,023 


c083 


19:44:47. 


,84 


-14:47:56. 


,3 


19. 


,051 


0, 


.010 


1 


.278 


0, 


.018 


0. 


,514 


0, 


.018 


c084 


19:44:49. 


,71 


-14:44:41. 


,8 


18. 


,863 


0, 


.017 


i 


.487 


0, 


.02z 


0. 


,718 


0, 


.02z 


c085 


19:44:56. 


,69 


-14:47:51. 


,3 


19. 


,088 


0, 


.015 


1 
i 


1 AO 

.145 


0, 


.021 


0. 


,475 


0, 


.027 


c086 


19:44:38. 


,78 


-14:47:35. 


,7 


19. 


,048 


0, 


.011 


1 


.326 


0, 


.022 


0. 


,478 


0, 


.019 


c087 


19:44:54. 


,85 


-14:47:31. 


,6 


19. 


,068 


0, 


.010 


i 


.346 


0, 


.020 


0. 


,402 


0, 


.018 


c088 


19:44:43. 


,05 


-14:41:17. 


,1 


19. 


,037 


0, 


.007 


-I 

1 


.142 


0, 


.011 


0. 


,366 


0, 


AO CT 

.025 


c089 


19:44:56. 


,83 


-14:40:15. 


,3 


19. 


,046 


0, 


,010 


1 


.278 


0, 


,017 


0. 


,362 


0, 


,018 


c090 


19:44:42. 


,96 


-14:46:45. 


,9 


19. 


,093 


0, 


.015 


1 


O AO 

.343 


0, 


.032 


0. 


,478 


0, 


noo 

.028 


c091 


19:44:57. 


,12 


-14:44:56. 


,6 


19. 


,043 


0, 


.017 


1 


o o o 

.333 


0, 


.027 


0. 


,428 


0, 


Aon 

.029 


c092 


19:44:29. 


,15 


-14:40:45. 


,6 


19. 


,054 


0, 


.008 


1 


.208 


0, 


.012 


0. 


,379 


0, 


.014 


c093 


19:44:50. 


,06 
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id RA Dec I ai R-I gr^i CN-TiO acN-no 

c901 19:46:10.93 -14:54:01.8 19.078 0.007 1.662 0.012 0.428 0.019 

c902 19:46:10.60 -14:58:48.1 19.286 0.009 1.388 0.014 0.654 0.017 

c903 19:46:22.03 -14:55:14.2 19.838 0.011 1.428 0.020 0.334 0.024 

c904 19:46:18.98 -15:02:28.8 20.321 0.025 1.541 0.049 0.323 0.045 
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This figure "fig3.gif" is available in "gif" format from: 



http://arXiv.0rg/ps/astro-ph/0 1 1 0026v2 



Table 3. C stars outside of the CFH12K field 



id RA Dec I cj/ R-I an^i CN-TiO acN-no 



ClOOl 19:43: 25.59 -14:56:49.5 19.289 0.032 1.434 0.065 0.266 0.058 
C1002 19:43: 25.80 -14:59:06.8 19.156 0.035 1.205 0.100 0.248 0.096 
C1003 19:43: 29.44 -14:46:47.3 19.522 0.045 1.351 0.092 0.467 0.088 



This figure "fig4.gif" is available in "gif" format from: 



http://arXiv.0rg/ps/astro-ph/0 1 1 0026v2 



This figure "fig5.gif" is available in "gif" format from: 



http://arXiv.0rg/ps/astro-ph/0 1 1 0026v2 



This figure "fig6.gif" is available in "gif" format from: 



http://arXiv.0rg/ps/astro-ph/0 1 1 0026v2 



This figure "fig7.gif" is available in "gif" format from: 



http://arXiv.0rg/ps/astro-ph/0 1 1 0026v2 



This figure "fig8.gif" is available in "gif" format from: 



http://arXiv.0rg/ps/astro-ph/0 1 1 0026v2 



This figure "fig9.gif" is available in "gif" format from: 



http://arXiv.0rg/ps/astro-ph/0 1 1 0026v2 



submitted to AJ 



o 
o 

(N 



The extent of NGC 6822 revealed by its C star population 
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. Using the CFH12K camera, we apply the four band photometric technique to identify 

904 carbon stars in an area 28' x 42' centered on NGC 6822. A few C stars, outside of 
this area, were also discovered with the Las Campanas Swope Telescope. The NGC 6822 



H ' C star population has < I > = 19.26 leading to a < Mj > = -4.70, a value essentially 

identical to the mean magnitude obtained for the C stars in IC 1613. Contrary to stars 
highlighting the optical image of NGC 6822, C stars are seen at large radial distances 
and trace a huge slightly elliptical halo which does not coincide with the huge HI cloud 
surrounding NGC 6822. The previously unknown stellar component of NGC 6822 has 
a exponential scale length of 3.0' ± 0.1' and can be traced to five scale lengths. The 
C/M ratio of NGC 6822 is evaluated to be 1.0 ±0.2. 

Subject headings: galaxies: individual (NGC 6822) — galaxies: stellar content; structure 
— stars: carbon 



Visiting Observers, Canada-France-Hawaii Telescope, operated by the National Research Council of Canada, le 
Centre National de la Recherche de France and the University of Hawaii. 
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1. INTRODUCTION 

NGC 6822 is a barred dwarf galaxy of type IrlV-V (van den Bergh 1968), a classification 
similar to the Small Magellanic Cloud. Hubble (1925) discovered Cepheids in NGC 6822 and could 
conclude that it is a relatively nearby galaxy. NGC 6822 has recently been the subject of detailed 

multi-color investigation by Gallart, Aparicio & Vilchez (1996). We adopt, for NGC 6822, their 
determined color excess E(B-V) = 0.24 ±0.03 and true modulus (m - M)o = 23.49 ± 0.08. The 
abundance of two supergiants of NGC 6822 has recently been determined, from high rcsohition 
spectroscopy, by Venn et al. (2001). We adopt their estimate, [Fe/H] = -0.49, for the metallicity 
of NGC 6822. 

NGC 6822 is nearly unique among the Local Group galaxies by having a huge hydrogen enve- 
lope, several times bigger that its optical core (Robert 1972, Gottesman &; Weliachew 1977, de Blok 
& Walter 2000). IC 1613 (Lake & SkiUman 1989), IC 10 the highly reddened galaxy (Huchtmeier 
1979) and to a lesser extent, NGC 3109 (Barnes 8z de Blok 2001) have also a similar HI envelope. 
The global structure of NGC 6822 was first surveyed by Hodge (1977) and in more detailed by 
Hodge et al. (1991) who could trace the galaxy to 10' from its center. Hodge adopted the point 
of view that the outer structure of NGC 6822 is circular rather than following the shape of the 
bar. Because NGC 6822 is at a rather low Galactic latitude, b = -18.4°, the low density periphery 
of the galaxy is masked by the foreground stars. The exact size of NGC 6822 is rather difficult 
to establish simply from star counts. The NASA/IP AC Extragalactic Database (NED) quotes a 
dimension of 15.5' x 13.5' which is much smaller than the HI envelope mentioned above but is quite 
in line with Hodge's study. 

All photometric surveys of NGC 6822, with the exception of the one by Hutchings, Cavanagh 
& Bianchi (1999) have targeted the obvious central part of the galaxy. Hutchings et al. (1999) 
have obtained HST photometry in two small regions located ~ 2 kpc from the optical center of 
NGC 6822. They detected the presence of main sequence stars extending to 2 Mq in the western 
field and suggested that this population might be the result of a tidal event. The presence of an 
hydrogen tidal arm was proposed by the HI map of de Blok &; Walter (2000). 

Cook, Aaronson & Norris (1986), who pioneered the photometric technique we are now using, 
were the first to target NGC 6822 in search of C stars. They observed two small (1.5' x 2.5') fields 

located along the central bar on opposite sides, a few arcminutes from its geometrical center. Some 
fifty C stars were identified. Follow-up spectroscopy confirmed the nature of the C stars (Aaronson 
et al. 1984) and lead to the discovery of the first S star in NGC 6822 (Aaronson, Mould & Cook 
1985). That investigation observed barely 3% of the area of NGC 6822, if we assume the dimensions 
given by NED. 

Battinelli Sz Demers (2000) have obtained a preliminary relation linking the number of C stars 
in a galaxy with its integrated absolute visual magnitude. This relation predicts that galaxies with 
My < -15 would have more than a few hundred C stars. NGC 6822 with My = -15.2 (Mateo 
1998) should have at least 500 C stars. Such large number would provide sufficient statistics to 
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investigate the extent of NGC 6822. A survey of the periphery is particularly interesting for a 
galaxy such as NGC 6822. Indeed, tidal interaction has been proposed (de Blok & Walter 2000) to 
explain the asymmetric shape of the extended hydrogen disc. It is reasonable to expect that the 
spatial distribution (and kinematics) of stars as old as ~ 3 Gyr could also have been influenced by 
the presumed tidal interaction. On the other hand, the huge HI envelope, currently visible, implies 
that, if a gravitational interaction took place, it must not have been strong enough to drastically 
disturb the gas. In this respect, C stars have a distinctive advantage, over deep multi color surveys, 
because the foreground contribution is zero! 

On a more global scale, in order to compare the C star population of different galaxies, one 
must be careful to compare homogeneous samples. That is, not to collect from the literature lists of 
C stars identified spectroscopically of from different photometric criteria. For example, the Bj — R 
criterion used by Totten &: Irwin (1998), Whitelock, Irwin & Catchpole (1996) or Kunkel, Irwin & 
Demers (1997), to select C star candidates for spectroscopy, is not at all equivalent to the (CN - 
TiO) criterion adopted by Brewer, Richer &; Crabtree (1995) and our series of investigations. This 
is why this paper follows strictly the photometric criteria previously used. In this way, the same C 
star population will be revealed in a number of dwarf galaxies of different properties. 

2. OBSERVATIONS AND DATA REDUCTION 

2.1. The Las Campanas data 

The NGC 6822 survey employs two set of observations obtained by rather different telescopes 
and with different procedures. The Swope telescope, on Las Campanas, was used in October 1999 
to secure images of NGC 6822 in Kron-Cousins Rkc, CN (810 nm) and TiO (770 nm) filters. 
The goal of this brief survey was to identify C stars, from the color-color diagram, for follow-up 
spectroscopy. Thus, it was deemed unnecessary to acquire I images. A pseudo i magnitude was 
calculated by adding the CN and TiO magnitudes. The narrow interference filters, used here, have 
a FWHM of 30 nm and are the ones used in our previous surveys (Albert et al. 2000; Battinelli 
& Demers 2000; Demers & Battinelh 2002). The 2048 x 2048 SITe#l CCD yields a field of view 
of 23.7' X 23.7'. Two slightly overlapping fields were observed for a total of five hours. Dome flats 
were obtained through each filters. Calibration to the standard R system was done with Landolt's 
(1992) equatorial standards observed during the course of the nights. This was done simply to set 
the magnitude zero point, not as an absolute color calibration. No calibration is done for the CN 
and TiO filters because we are interested only in the CN - TiO color index and their exposure 
times are always equal. 

After the standard prereduction of trimming, bias subtraction, and sky flat-fielding, the photo- 
metric reductions were done by fitting model point-spread functions (PSFs) using DAOPHOT/ALLSTAR/ALLFRj^ 
series of programs (Stetson 1987, 1994) in the following way: we combine, using M0NTAGE2, all 
the images of the target irrespective of the filter to produce a deep image devoid of cosmic rays. 
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ALLSTAR was then used on this deep image to derive a Hst of stellar images and produce a second 
image where the stars, found in the first pass, are removed. This subtracted image is also processed 
through ALLSTAR to find faint stars missed in the first pass. The second list of stars is added to 
the first one. The final list is then used for the analysis of the individual frames using ALLFRAME. 
This program fits model PSFs to stellar objects in all the frames simultaneously. The journal of 
these observations is presented in Table 1. 

2.2. The CFHT data 

NGC 6822 was also observed with the CFH12K at the beginning of one night in September 
2000. The camera consists in a 12Kx8K pixel mosaic covering a field of 42' x 28'. Each pixel 
corresponding to 0.206 arcsec. Images were obtained through Mould I,R filters and CN,TiO filters. 
The CFHT narrow band filters have, however, about half the bandwidth of the Las Campanas ones, 
thus requiring relatively longer exposure times. The journal of these observations is also given in 
Table 1. 

Preanalysis of our data was done with the FITS Larges Images Processing Software (FLIPS) 
package at the CFHT Headquarters. It is a program specially designed to handle mosaic data. 
FLIPS corrects for the bias, dark and flat, by averaging the good exposures and rejecting the 
overexposed and otherwise incorrect frames, for each of the 12 CCD fields of the mosaic. It also 
takes into account the mask of bad pixels. A nice feature of FLIPS, compared to standard pre- 
reduction packages, is that it normalizes the background sky values to the most sensitive CCD of 
the mosaic. This results in 12 fields that are comparable and on the same magnitude scale. 

There were a fringe patterns in a few CCD I frames, but no correction for the fringing was 
done. FLIPS allows us to correct for the fringing effect but "no correction at all" was deemed the 
best option. Trying to correct for that cosmetic problem often increases the noise on the frame. On 
a small scale, fringing was fairly constant and in the end, our analysis packages had no difficulty 
accounting for that anomaly. 

Data reduction was done with DAOPHOT/ ALLSTAR, in a way similar to the reduction of 
the Las Campanas data. 

2.2.1. The CFHl 2K calibration 

The CFHT observations were unfortunately obtained under non photometric conditions, even 
though the seeing was less than one arc second. We therefore had to used local stars with published 
magnitudes and colors to calibrate our photometry. This, however, presented a challenge because 
very few publications present R-I colors. We were fortunate to obtain the NGC 6822 photometry 
of Gallart et al. (1996) which satisfies our needs entirely. 
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Using 166 stars, with colors in the range 0.0 < {R — I) < 2.0, we obtained the following 
transformation equations: 

i? = r + 7, 643 ± 0.022 + 0.0040 ± 0.0196(i? - /) 

I = i + 7.200 ± 0.009 + 0.0126 ± 0.0128(i? - /) 

The r and i magnitudes are the instrumental magnitudes calibrated to Gallart et al. (1996) photom- 
etry. Wc thus conclude that there is no color term and that the Mould filters provide an excellent 
match to the Kron-Cousins magnitudes. 

The non-photometric conditions oblige us to set a zero point to the CN-TiO colors, even 
though exposures in each filter were of the same length. We do so by following Brewer ct al. (1996) 
and setting the mean of the (CN-TiO) = 0.00 for all stars with (R-I)o < 0.45 since hot stars are 
expected to have featureless spectra in the CN or TiO regions. Brewer et al. (1996) used V-I 
colors, the R-I limit adopted here takes into account the relationship between the two indices. 
Photometry of each of the twelve CCDs was thus calibrated using several hundred stars in each 
CCD. Stars in the color range 0.2 < (i? — /) < 0.65 were selected for this zero point adjustment, 
taking into account the E(R-I) = 0.20. 

3. RESULTS 

3.1. The color-magnitude diagram 

The global color magnitude diagram, (CFH12K data) containing some 65000 stars, is shown in 
Figure 1. Only stars with small photometric errors are plotted here. This explains why the fainter 
limits abruptly appears at I~ 21.5, two magnitudes below the red giant tip. We restrict our analysis 
to stars for which the square root of the quadratic sum of the errors on R-I and CN-TiO is less 
than 0.100. This limit is somewhat arbitrary but is justified because the inclusion of numerous 
fainter stars pollutes enormously the color-color diagram without increasing the number of carbon 
stars. The vertical ridge, at (i? — /) 0.55 is an interesting feature usually present in deep CMD 
fields toward low Galactic latitudes. The blue side of this ridge corresponds to the main sequence 
turnofF of field G dwarfs. If we adopt {R - /)„ « 0.35 for G5 dwarfs (Cox 2000), then the E(R - I) 
toward NGC 6822 would be ~ 0.20, a value identical to the one proposed by Gallart ct al. (1996) 

We can see right away, without the analysis of the space distribution of the C stars, that NGC 
6822 extends much further than its optical image makes us believe. Figure 2 displays the CMD of 
the periphery of our 42' x 28' field. Only stars farther than 17.1' (^ 2.5 kpc) from the center of the 
field are plotted. A weak giant branch is present. The true extent of NGC 6822 is however quite 
difficult to assess from its CMD because of the heavy foreground contribution by Galactic stars. 
As we shall see, C stars are valuable in this respect because none are in the foreground! 
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3.2. The color-color diagram 

The color-color diagram of the whole CFH12K field of NGC 6822 is presented in Figure 3. 
904 stars satisfy our criteria and are called C stars. We define, for the purpose of comparison from 
galaxies to galaxies, C stars as stars with {R — I)o > 0.90 and, in the case of narrow CN and 
TiO filters, stars with (CN - TiO) > 0.30. This {R - I)o limit corresponds to spectral type MO, 
according to Bessel (1991). Battinclli & Dcmers (2000) and Aaronson et al. (1985) showed that 
(CN - TiO) is very little affected by reddening. This definition is obviously restrictive, one can 
easily see that on. Fig. 3, there are bluer C stars extending to the lower left of the C star We 
discuss those bluer stars in section 4.2 The C stars identified, along with their J2000.0 equatorial 
coordinates, magnitudes and colors, are listed in Table 2, (only the first few stars are given in the 
paper version). Star c236 is the one spectroscopically confirmed by Aaronson et al. (1984). 

3.3. Comparison of the Las Campanas and CFHT results 

The Las Campanas photometry (LC) yielded 688 C star candidates. A coordinate match with 
the CFHT candidates shows that only 542 are common to both sets. A comparison of the apparent 
magnitude of stars common to both sets, displayed in Figure 4, shows that a substantial number 
of faint C stars are missing from the LC data set. The number of C star candidates, in the LC 
list, could have been increased by lowering the acceptance criteria based on the photometric errors. 
We believe, however, that the use of the combined CN and TiO magnitudes to produce a pseudo 
I magnitude has lowered the photometric quality of I magnitudes compared to R magnitudes of 
similar brightness. This approach has obviously raised the acceptable magnitude of the LC data 
set but it has allowed us to identify the C star population of NGC 6822, for follow-up spectroscopy, 
more than one year before we obtain the CFHT observations confirming the existence of a huge 
C star population. About 100 stars were identified as C stars in the LC data set but were not 
retained in the CFHT list. A search and match in the whole CFH12K database revealed that nearly 
all them can be matched to stars. Some of them are just a little bit too blue to be called C stars 
or have a (CN-TiO) index a little too small. The majority, however, can match in position, fainter 
stars of various colors. This suggests that the LC stars are actually blends. The pixel scale of the 
Swope telescope CCD is not as good as the one of the CFHT. The LC fields extend further west 
than the CFH12K mosaic. Three possible C stars outside of the CFH12K field are listed in Table 
3. These candidates need to be confirmed by more accurate photometry. They are located on the 
edge of the Swope Telescope field and their photometric errors are, in some cases, near the limit of 
rejection. 
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4. DISCUSSION 

The mean properties of the carbon star population of NGC 6822 are nearly identical to the 
one of IC 1613, a dwarf irregular galaxy of lower mass but with a substantial C star population. 
The mean magnitude and color of the 904 C stars are: < / > = 19.257 and < {R — I) > = 1.368, 
corresponding to < Mj > = -4.70 and < (i? - /)„ > = 1.17. Albert ct al. (2000) quote < Mj > 
= -4.69 and < {R - I)o > = 1.18 for the 195 C stars in IC 1613. The abundance of IC 1613 
was estimated, from the color of the tip of the giant branch, by Freedman (1988) to be [Fe/H] = 
-1.3, a value lower than the adopted metallicity for NGC 6822. This comparison suggests that the 
metallicity may have little effect on the mean M/ of a C star population. 

4.1. The Bolometric magnitude distribution of C stars 

Costa Sz Frogel (1996) were able to determine the bolometric magnitude of C stars in the Large 
Magellanic Cloud (LMC) from their R, I photometry. Since the newly established metallicity of 
NGC 6822 (Venn et al. 2001) is quite close to the metallicity of the LMC, we may assume that their 
equation also applies to the NGC 6822 C stars. Figure 5 displays the bolometric magnitudes of C 
stars, listed in Table 2, as a function of their (R - I)o. Our distribution, when compared to the one 
of Costa & Frogel (1996) for the LMC, is truncated on the blue side due to our adoption criterion. 
Figure 5 does show, however, that NGC 6822 does contain one C star brighter than Mjjoi = —6.4, 
the limit according to models of Boothroyd, Sackmann &; Ahern (1993). That star is c043, a bright 
(in I) star located near the center of NGC 6822. 

4.2. Bluer "C stars" 

Demers & Battinelli (2002) have recently shown that several spectroscopically identified C 
stars in the Leo I dwarf spheroidal galaxy are bluer than our adopted (R-I)o limit. There could 
then certainly be a number of bluer C stars in NGC 6822. Indeed, one can easily see on the color- 
color diagram (Fig. 3) that there is a natural blue extension of the "C star branch". In order to 
compare the photometric properties of these stars, with the previously defined C stars, we select, 
on the color-color diagram, stars in the following box: 0.8 < (R-I) < 1.1 and (CN-TiO) > 0.25. 
341 stars are in this region of the color-color diagram. As expected, these bluer stars are located 
on the nearly vertical part of the red giant branch. Figure 6 presents a close-up of the CMD and 
histograms comparing the magnitude distributions of the two groups of stars. Contrary to redder 
C stars, which have a narrow range of magnitude, the bluer stars show a large magnitude spread. 
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4.3. The known S star 

Aaronson et al. (1985) spectroscopically confirmed the presence of at least one S star in NGC 
6822. This star is in our database but its color indices are such that our color-color diagram cannot 
really distinguish it from M stars. Its magnitude and colors are: I = 18.346; (R-I) = 1.340; (CN- 
TiO) = 0.056. The bolometric magnitude of this S star, using the same relation than for C stars, is 
Mfeoi = -5.90. Brewer et al. (1996) found a single S star among their AGB stars with a surprisingly 
high bolometric magnitude, -6.2. 

In our coordinate system, the J2000.0 coordinates this S star are some 10 arcsec from the ones 
quoted by Aaronson et al. (1985). They are: a = 19^45™01.3*', 5 = -14°49'32.1". There could be 
other S stars in NGC 6822, spectroscopy would be needed to confirm the nature of the stars lying 
in between the C and M regions on the color-color diagram. 

4.4. The spatial distribution of C stars and red giant stars 

We display, in Figure 7, the 904 C stars of NGC 6822 over a 42' x 28' ESQ Digital Sky Survey 
(DSS) Image centered on NGC 6822. C stars reveal that the stellar population of NGC 6822 
extends over a much larger volume than its optical image would make us believe. Furthermore, C 
stars are not restricted to the HI disk, nicely mapped by de Blok &: Walter (2000), but are found 
in a spheroidal halo. Radial velocities will help establishing if C stars follow or not the HI rotation. 
The surface density profile of the C stars, shown in Figure 8, is well fitted by a power law with a 
scale length of 3.0 ±0.1 arcmin, corresponding to 436 pc at the distance of NGC 6822. We assume 
circular symmetry. The exponential profile can be followed to five scale lengths. This scale length 
is to be compared with 112" it 50" given by Hodge et al. (1991). 

The fact that we find intermediate age stars in the outer halo of a dwarf galaxy is surprising 
since the halos so far known around dwarf galaxies (Lee 1993, Minniti & Zijlstra 1997, Minniti, 
Zijlstra, k, Alonso 1999, Aparicio & Tikhonov 2000, Aparicio, Tikhonov & Karachentsev 2000) 
consist of ~ 10 Gyr stars. We must stress, however, that a weak intermediate age population will 
be missed by a CMD approach since there is no way to distinguish intermediate and old age red 
giants. 

Photometric properties of C stars, close to the center and in the periphery of NGC 6822, appear 
to be essentially the same. We divide the data into four radial bins to calculate mean magnitudes 
and mean colors. We find dispersions of ±0.01 for < 7 > and ±0.02 for <(R-I)>. 

Since Fig. 1 shows a well defined upper giant branch, one can select a representative sample 
of NGC 6822 giant stars from their position on this CMD. This would represent a mixture of old 
and intermediate age stars. We select, from the CMD of the whole field, giant stars in a narrow 
parallelogram in the magnitude range 19.5 < I < 21.3 and with the appropriate R-I intervals, 
slightly variable with magnitude to take into account the sloping giant branch. More than 18000 
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stars are in this box, including a number of foreground stars. The smoothed surface density map 
of the giants is presented in Figure 9. No correction for the foreground contribution has been done 
here. An obvious asymmetry is seen, along the E-W axis, in the inner isodensity contours. The 
outermost contour, corresponding to a surface density of 13.5 stars per arcmin^, is roughly elliptical 
with an ellipticity of e 0.1 and a position angle of PA ^ 60°. This is quite different from the 
orientation of the HI disc (PA ^ 125°) and not aligned with the optical bar which is, according to 
Hodge (1977), at PA = 10° ± 3°. The outermost contour has a major axis of ~ 23' or 3.3 kpc at 
the distance of NGC 6822. The estimated foreground contribution to giant counts, detailed below, 
amount to less than 25% of the counts in the outermost contour. 

Since it appears that the ellipticity of the halo of NGC 6822 is small in the outer parts and not 
evident for the inner contours, we decided to neglect it and compute radial counts in circular annuli, 
like we did for the C stars. However, for red giants, the foreground pollution is not negligible and 
must be taken into account in the outer parts. We estimate it from star counts in two strips on the 
eastern and western sides of the CFH12K field. We obtain: 3.5 ±0.2 stars per arcmin^. The scale 
length, obtained by least-square fit to the middle points of Figure 8, is 3.3' it 0.2 a value similar 
to the one obtain from C stars. We can thus conclude that the old and the intermediate age halos 
have the same size and show no pronounced asymmetry like the hydrogen cloud surrounding NGC 
6822. 

4.5. The C/M ratio 

The size of NGC 6822, relative to our mosaic, is such that it is quite difficult to evaluate the 
foreground contribution to the M stars seen in the color-color diagram. Furthermore, the fact that 
NGC 6822 is at a relatively low Galactic latitude makes the problem even worst. We evaluated the 
foreground by counting M stars (with I < 21.0) in two 1000 pixel wide strips on the eastern and 
western extremities of the field. Their numbers were 746 and 717 respectively. We have of course 
to assume that the NGC 6822 contribution is negligible in these areas. This is not strictly true 
since we see a few C stars up to the edge of the field. The total number of M stars (I < 21.0) in the 
whole field is 9930. From the two counts above, we estimate that there are 8989 ±184 foreground 
M stars. The number of M stars within NGC 6822 is thus sensibly similar to the number of C stars 
and equal to 941 ±184, taking into account this uncertainty, we obtain a global C/M = 1.0 ± 0.2. 
The huge number of foreground M stars, compared to the NGC 6822 M stars, makes hopeless any 
attempt to investigate a radial dependence of C/M. One would need a more accurate evaluation of 
the foreground contribution from star counts in regions outside of our field. The M stars counted 
are those with spectral type MO or later that have (R-I)o > 0.90. 

We are grateful to Carme Gallart to have provided her NGC 6822 photometry to enable us to 
calibrate the CFH12K data. This project is supported financially, in part, by the Natural Sciences 
and Engineering Research Council of Canada (S. D.). 
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Fig. 1. — Color-magnitude diagram of the whole CFH12K field, centered on NGC 6822. 

Fig. 2. — Color-magnitude diagram of the periphery of the field, farther than 17.1' from the center 
of NGC 6822. We can still see a weak giant branch. 

Fig. 3. — Color-color diagram of the 42' x 28' field, hundreds of C stars are present. Nearly 65000 
stars are plotted. 

Fig. 4. — I magnitude distribution of the C stars listed in Table 2. The shaded histogram cor- 
responds to the 542 C stars common to both Las Campanas and CFHT data. It reveals the 
incompleteness of the LC data at faint magnitudes. 

Fig. 5. — The bolometric magnitude of C stars as a function of their intrinsic colors. 

Fig. 6. — A close-up of the CMD is shown in the upper panel. Dots are the 904 C stars while 
crosses are the bluer stars on the C stars "branch" . The magnitude distributions of the two groups 
of stars are compared in the lower panel. 

Fig. 7. — C stars are plotted over the image of NGC 6822 from the DSS. The size of the field 
corresponds to the CFH12K. North is on top and East is on the left. Three C stars, listed in Table 
3, are just outside the western limit. 

Fig. 8. — Surface density of profiles: the 904 C stars are represented by open circles while the red 
giants are shown as solid dots. Scale lengths are essentially the same. 

Fig. 9. — Smoothed isodensity contours of the red giants brighter than I = 21.3. No correction has 
been done for the foreground stars. The orientation and size of the field are like the ones of Figure 
7. 



